MEASUREMENT OF INSERTION LOSS OF AN ACOUSTIC TREATMENT IN THE
PRESENCE OF ADDITIONAL UNCORRELATED SOUND SOURCES

Jacob Klosand Daniel L. Palumbo
Structural Acoustics Branch
NASA Langley Research Center
Hampton, Virginia 23681

A method to intended for measurement of the insertion loss of an acoustic treatment applied to an aircraft fuselage
in-situ is documented in this paper. Using this method, the performance of a treatment applied to a limited portion

of an aircraft fuselage can be assessed even though the untreated fuselage also radiates into the cabin, corrupting the
intensity measurement. This corrupting noise in the intensity measurement incoherent with the panel vibration of
interest is removed by correlating the intensity to reference transducers such as accelerometers. Insertion loss of the
acoustic treatments is estimated from the ratio of correlated intensity measurements with and without a treatment
applied. In the case of turbulent boundary layer excitation of the fuselage, this technique can be used to assess the
performance of noise control methods without requiring treatment of the entire fuselage. Several experimental
studies and numerical simulations have been conducted, and results from three case studies are documented in this
paper. Conclusions are drawn about the use of this method to study aircraft sidewall treatments.

Introduction these techniques to study the sound produced by
In aircraft, a major cause of interior noise is turbulenttomponents of a diesel engine. The responses of
boundary layer pressure fluctuations outside the aircrafnicrophones surrounding a diesel engine were
that transmit sound through the fuselage. Acousticatorrelated to a microphone placed in the far field. The
treatments are typically attached to the fuselage to abaéeea of the engine that contributed most significantly to
this noise transmitted into the aircraft interior. Thus, itthe response of a far field microphone was identified.
is desirable to quantify the acoustical performance of he benefits and limitations of the method were argued.
these noise control methods to select the most effectivét. was discussed that good correlation between two
However, the treatments are typically assessed in signals does not necessarily indicate a causal
laboratory environment or by predictive methods, not irrelationship. This is especially true for tonal
flight conditions. To measure the performance of arcomponents of a sound field. It was discussed that
acoustic treatment in flight, extraneous acoustic sourceherence techniques are most applicable to broadband
must not corrupt an intensity measurement in theources, and not easily applied to tonal sources. Wang
vicinity of the treated section. This requires that a largepplied partial coherence techniques to the problem of
portion of the fuselage be treated or a small test sectiource identification. The sound radiated by three
must be acoustically isolated from the untreatedspeakers excited with both mutually incoherent and
fuselage. Both of these options are costly and timeartially coherent signals were studied. Again, the
consuming. It is desirable to measure the acousticgroblem of a coherent versus causal relationship was
performance of treatments applied to a small area of thdiscussed. Recently, Takata et® ahd Kwon et. af”
fuselage during flight to assure laboratory andhave applied partial coherence technigues to near-field
operational characteristics agree. Consequenthgcoustical holography to extract the partial sound field
experimental methods to measure and compareorrelated with reference signals. These measurements
different acoustical treatments applied to a limitedwere used to assess the sound caused by components of
portion of the fuselagm-situ are needed. a motor vehicle power traifit Pilkinton et. af used

partial coherence techniques to determine the sound

An experimental method to measure the insertion lospressure level at a microphone location caused by one
of an acoustic treatment using intensity measuremensource in the presence of a second, incoherent source.
made in the presence of corrupting sound is proposed Bood agreement between expected and calculated
this paper. The method is based on coherencgound pressure levels were obtained with the partial
techniques that are used to decompose a sound fiebbherence method. The current effort extends these
into partial sound fields that are correlated with theworks by using partial coherence methods to resolve the
response of a specific sound souréeAlfredsort used intensity radiated by a sound source in the presence of
additional, uncorrelated sound sources for the purpose
of assessing the effectiveness of an acoustic treatment.
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in the United States. Inside aircraft, the correlation lengths of the excitation
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pressure field are small relative to the size of thés reconstructed from the transfer functions and the
fuselage and the excitation spectrum is broadband ipower spectrum

nature7._ Thus, distant points on the fuselage can be Gyyz = Han Hy G (6)
approximated as independent, incoherent wbrator;f_h ' lated i o

sources that radiate into the aircraft interior. Therefore, "¢ €O''€ ated intensity is

as long as the dimensions of the acoustic treatment are | :L”V'[ny z] (7
large in comparison to the turbulent boundary layer 2ahx

correlation length, the noise resulting from an untreated Nis approach is similar to one that has been proposed
and a treated portion of the fuselage can be consider®y Marroquin.™ To distinguish between the different
incoherent. The sound produced by the untreated areBi§ensity — calculations, intensity calculated using
of the fuselage can be rejected from intensityeguation (1) is termed uncorrelated intensity and
measurements near the treated area by correlating tHgensity calculated using equation (7) is termed
intensity measurement to the fuselage vibration in th&orrelated intensity. This terminology will be used in
treated area. Thus, the insertion loss of a particuldh€ discussion of experimental results.

treatment can be found from correlated intensity ) ]

measurements with and without the treatment applied toFormulation for Multiple Reference Transducers

the fuselage. The formulation of the correlated intensity using a
single reference transducer can be expanded to multiple
Formulation for a Single Reference Transducer references. To compute the intensity correlated to a set

Acoustic intensity is commonly measured using a two®f reference transducers, a set of linearly independent
microphone acoustic intensity probe by methoddransfer functions between the reference transducers
documented in the literatufe. Assuming simple @nd the responses of the intensity probe microphones is
harmonic behavior and a stationary process, thB8eeded. Using the methods for the calculation of
acoustic intensity parallel to the axis of the probe is  ordered, conditioned transfer functions, referénce
1 specifically pgs. 226-238, the intensity incoherent with

I :m"\/'[ny] (1)  several reference transducers can be rejected from an
intensity measurement. A brief review of the essential
theory in matrix form is given here; however,
intricacies of the calculations and fundamental concepts
. are left to Bendat. Let q be the total number of

Gy =XY (2)  reference transducers, ag#l be a response transducer
whereX andY are the discrete Fourier transforms of theof interest. The elements in the conditioned cross
pressure time histories of microphone one andpectral matrix, §], are found from the recursion
microphone two respectively and * indicates therelation
conjugation of a complex number. The correlated Gr,j(r-1)
. L . G . =G [, \——22 "G
intensity is calculated using a reference transducer z. L TP
Assuming simple harmonic behavior and a linear and
stationary process, the transfer function between ea
of the microphones, x and y, and the referenc
transducer, z, ate

where w is angular frequencyx is the microphone
separation distance, a8y, is the cross spectrum of the
two microphone signals

e (-1 (8)
Gr,r,(r—l) A

here the conditioned cross spectral mat®f [s a

ree dimensionalgg-1) by @+1) by g matrix and the
indices corresponding to a specific transducer. The
indices are ordered in the following way

HZXZXZ* (3) i=1,2,3 --,g+1 (9a)

2z §=1,2,3,-,q+1 (9b)

and * r=1,2,3,q (9¢c)
o =Y ) The response transducer must be ordered asq#ig"(

Y oz transducer corresponding to thig-{)" elements in@].

whereZ is the Fourier transform of the time history of For example, the first set of entries in the matrix are
the reference transducer. The transfer functions showeomputed for the case whenl as

in equations (3) and (4) are calculated using an H1 Gy

estimate. Calculation of a transfer function using the  Gi.j1 =Gij ‘G_lleil (10)

H1 estimate rejects noise uncorrelated to the referem?gr i=1,2,3 ..g+tlandi =1, 2 3, ...g+1. When

signal, in this case the reference transducer z. Th(qat. ) tion (L0)G: is th d ;
power spectrum of the reference transducer is 1% in equation ( ). ij IS the measured cross spectrum
between transduceisandj, Gy; is the measured cross

Gp=212 _ _ (5) ~ spectrum between transducetsand j, Gy is the
The correlated cross spectrum, in which the noiseneasured power spectrum of transduteand G;; is
incoherent to the reference transducer has been rejected,
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the measured cross spectrum between transduaacs  spectrum of the microphonesandy of the intensity
1. Wheni=j in equation (10)G;= G;; is the measured probe, conditioned by theereference transducers, is
power spectrum if transduceiGy= Gy; is the measured q
cross spectrum between transduceendi, Gy, is the Gy.q :Zer*LryGr,r,(r—l) (15)
measured power spectrum of transduteand G; is =1
the measured cross spectrum between transduaets  where * indicates the conjugation of a complex number,
1. From equation (8), the second entries in thes .., are elements in the cross spectral matrix
conditioned cross spectral matrix, whes2, are corresponding to the power spectrum of transduger
computed from the first set of entries in the matrix and theL are found from equation (10). The
_ Gy i1 conditioned intensity is
QJz—GHJ_E__GMJ (11)
2,21 (16)

o= o

where all of the terms on the right hand side of equation ) ) ]
(11) are found from equation (10). The third set of¥here wis angular frequencylx is the microphone

entries in the conditioned cross spectral matrix, wherséParation distance, ar@ly, is the conditioned cross
spectrum of the two microphone signals. The

r=3, are . "
G summation used to calculate the conditioned cross
G j3=Gij2- 32 Gi32 (12)  spectrum between the microphones in equation (15) is
G332 based on the H1 transfer function estimate of the

where all of the terms on the right hand side of equatioreference transducers input to the microphones output.
(12) are found from equation (11). The remainingThus, the noise in the cross spectrum between the two
elements in@], for r=4 and so on, are found from the microphones incoherent to the reference transducers is
recursion relation given by equation (8) following therejected in the calculation 0B, The intensity
pattern shown in equations (10), (11) and (12). Thealculated using equation (16) is the portion of the
ordered, conditioned H1 transfer function estimatemeasured intensity that is coherent to the set of
between reference transducernd response transducer reference transducers. The intensity in the
g+1 are found from the elements in the conditionedmeasurement incoherent to the set of reference
cross spectral matrix transducers is rejected. To distinguish between the
Gr (q+1)(r-1) (13) different intensity calculations, intensity calculated
B Grr ) ;Jhsmg equation (163 is terfmtﬁd condmoned_ |ntetnhs_|ty in
o . the remaining sections of the paper. Wihl, this
mgetrﬁréze dilrgtzgrﬁgi)r?fl gg;r;figﬂgg écr)otshsesgfgrzrllt;;?riformulation for multiple reference tran_sducers exactly
feduces to the formulation for a single reference

[G]. . Consider an example where a measurement s qucer given by equations (3) through (7).
consists of four reference transducers and one response

transducer. ThenG would be a 5 by 5 by 4 matrix The formulation for multiple reference transducers can

computed using equations (8) through (12). Thealso be used to reject intensity correlated to one subset

ordered,  conditioned transfer function betwgenof reference transducers while accepting intensity from
reference transducer 3 and response transducer 5 is

a second subset of reference transducers. The get of

Lr(aen) =

Lgs = G52 (14) reference transducers is divided into two subsets, where
G332 the intensity correlated tbl reference transducers is
It should be noted that each element in the conditionetejected and the intensity correlatedgdN reference
cross spectral matrix@d, is frequency dependent. transducers is accepted. The indicesdhdre ordered
in the following way
Intensity measurements are made with a common two- i=1,2,---,N,N+1---,g+1 (17a)
microphone acoustic intensity probe. kdbe the first j=1,2,- N,N+1--,q+1 (17b)
microphone andy be the second microphone of the r=1,2-N,N+L---,q (17¢)

intensity probe which are simultaneously sampled along
with q reference transducers. The ordered, conditioneg,
transfer functions between the reference transduce
and the first microphone,« for r=1, 2, ...,q, are
computed for the case when thgtl response
transducer is the first microphone The ordered, a
conditioned transfer functions between the reference  _ ZL LG (18)
transducers and the second microphangfor r=1, 2, A x i

..., g, are computed for the case when dé& response

transducer is the second microphope The cross

hich correspond to specific reference transducers.
Fhe first 1 throughN transducers must be selected as
the transducers to which the correlated intensity will be
rejected. Then the calculation of the cross spectrum is

r=N+1
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and the intensity is found from equation (16). Thus, thenergy flow. The common method of estimating
intensity correlated only to thé+1 throughq reference  energy flow using a continuous, moving sweep of an
transducers is accepted, while the intensity correlated fatensity probe over a measurement surface cannot be
the 1 throughN transducers as well as the intensityused as it violates the requirement of stationary transfer
uncorrelated to any reference transducer is rejectedunctions.

This formulation can be useful when trying to reject a

known sound source from an intensity measurement. Case Study 1
The first case study is an idealized representation of the
Experimental Implementation problem of interest, designed to test the basic

Measurements of the correlated intensity are madexperimental approach. Two speakers were placed 6-
using a narrow band FFT analyzer. The analyzer ifeet apart in an anechoic room and a two-microphone
used to measure the cross spectra between the intensigoustic intensity probe was placed halfway between
probe microphones and the reference transducers atite two speakers (Figure 1). The speakers were driven
the power spectra of all of the transducers. Theswith mutually uncorrelated white noise. The level at
spectra are used to calculate the uncorrelated, correlatethich speaker 1 was excited was kept constant
and conditioned intensity as outlinedoge. The throughout the test. The excitation level of speaker 2
capability to reject noise in an intensity measurementvas varied to produce different levels of sound
uncorrelated to a set of reference transducers has beencorrelated to the sound produced by speaker 1 and
found to be highly dependant on the experimental setuihe intensity was measured at the probe position.
and the sampling parameters. Since these dependencdsasurement of the intensity radiated by speaker 1 at
could comprise a paper of their own, only a briefthe probe position in the presence of the corrupting
review of the significant findings will be documented sound produced by speaker 2 was desired. The
here. responses of the microphones were measured, as was
the excitation signal to speaker 1. The auto spectra and
The level of uncorrelated noise which can be rejectedross spectra between each of the transducers were
using the methods outlinedave is dependant on the calculated from an ensemble average of ten thousand
number of ensemble averages used to calculate theames. No overlap and a boxcar window were used.
cross spectrum between the various transducers and thike uncorrelated intensity was calculated using
number of reference transducers. The noise rejectioequation (1) from the cross spectrum of the intensity
level, in dB, that can be rejected from the measuregrobe microphones. The correlated intensity was

intensity is calculated using equation (7) from the cross spectra of
12 the intensity probe microphones with the excitation
NRL =10log [ j (19) signal to speaker 1 as a reference. These two methods
N-q+1 : ; :
of calculating the intensity at the probe were compared

whereN is the number of averages used to compute thfr various excitation levels of speaker 2.
cross spectrum, and is the number of reference ) o
transducers used to compute the correlated ofhe results of this case study are shown in Figure 2.
conditioned intensity_ For example, to reject up to ZdQeSlJltS are illustrated for Speaker 2 excited at four
dB of intensity that is uncorrelated to 100 referencdlifferent levels while the excitation level of speaker 1 is
transducers, at least 10,099 averages must be takdifld constant. The sound pressure level at the acoustic
The metric given by equation (19) yields a reliabilityintensity probe is about 35 dB when speaker 1 is
estimate when the correlated intensity method is use@Xcited and speaker 2 is off (Figure 2a,line). As the
When the level of measured intensity rejected by th&Xcitation level of speaker 2 is turned on and increased
proposed methods approaches this |eve|, th@ Its hlgheSt Value, the sound pressure level at the
measurement should be treated with caution. microphone increases to 65 dB (Figure 2:—line).

The uncorrelated intensity is shown in Figure 2b. The
Measurements of the acoustic energy flow through &tensity radiated by speaker 1 at the probe location is
measurement surface are typically of interest and ardustrated by the case when speaker 2 is off (Figure 2b,
found from the surface integral of the normal intensity-©- line). The uncorrelated intensity calculated from
The methods documented above require that th@dquation (1) is corrupted when speaker 2 is excited
transfer function between the reference transducers affigure 2b, all lines except thes- line) and the
the intensity probe microphones be linear andntensity level radiated by speaker 1 cannot be
stationary. This requirement, in part, demands that th@etermined using equation (1). The correlated intensity
intensity normal to the measurement surface béalculated using the excitation to speaker 1 as a
sampled at discrete points in space, averaged, arfgference is shown in Figure 2c. The correlated
multiplied by the area of the surface to estimate thétensity calculated using equation (7) is nearly
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independent of the excitation level of speaker 2. Thattached to the panel. The uncorrelated insertion loss of
portion of the measured intensity radiated by speaker the lead vinyl for the case of an excitation of
is rejected and the intensity level of speaker 1 igeverberation room and an uncorrelated excitation of
recovered. This case study demonstrates the capabilitye anechoic room is shown in Figure 6 (red line).

of the method to reject intensity uncorrelated to a

known source. Finally, the intensity measurements that were made in
the presence of the uncorrelated excitation of the
Case Study 2 anechoic room were correlated using equation (7) to an

The second case study was designed to demonstrate tecelerometer mounted on the panel at a random
measurement of the insertion loss of an acoustitocation (Figure 5d). Since there were only two
treatment in the presence of corrupting noise. Thencorrelated sources, it was found that only one
insertion loss of lead vinyl applied to a curvedaccelerometer was needed to capture the energy
honeycomb composite panel was found in the presena®rrelated to the reverberant excitation. The correlated
of corrupting noise. The experimental setup used isound power radiated from the panel was computed
this study is illustrated in Figures 3 through 5. Afrom the correlated intensity. The correlated insertion
curved honeycomb composite panel was installed in thiess was computed from the ratio of the correlated
transmission loss window in the Structural Acousticsound power with and without the lead vinyl applied to
Loads and Transmission (SALT) facility (Figure 3) atthe panel. The correlated insertion loss of the lead
NASA Langley Research Centér. The SALT facility  vinyl for an excitation of reverberation room and an
is a transmission loss suite consisting of a reverberatiomncorrelated excitation of the anechoic room is shown
room and anechoic room connected by a 54-inch by 54n Figure 6 (green line).

inch transmission loss window. The reverberation

room was excited, using speakers, by broadban@hen noise is added to the anechoic room and the
random noise to produce a diffuse acoustic excitation ahtensity measurements are not correlated to the panel
the panel (Figure 5a). To increase the mass of thabration (Figure 6, red line), the estimated insertion
panel, limp lead vinyl was applied using double-sidedoss of the lead vinyl is not in good agreement with the
tape (Figure 4). A baseline measurement of théaseline measurement (Figure 6, blue line). When
insertion loss of the lead vinyl was found by measuringioise is added to the anechoic room and the intensity
the sound power radiated by the panel using acoustineasurements are correlated to the panel vibration
intensity method$? A traverse mechanism (Figure 5c) (Figure 6, green line), the estimated insertion loss of the
was used to scan 4 acoustic intensity probes acrosslead vinyl is in good agreement with the baseline
measurement surface located 10-cm in front of theneasurement (Figure 6, blue line). Thus, the
panel*> The insertion loss of the lead vinyl was correlation method can be used to measure the insertion
computed as the ratio of the radiated sound power witltoss of acoustic treatments in the presence of an
and without the lead vinyl attached keeping theuncorrelated noise source.

excitation of the reverberation room constant (Figure

4). The insertion loss of the lead vinyl from 800 to Case Study 3
5000 Hz is shown in Figure 6 (blue line). The third case study was designed to demonstrate the

ability to assess the insertion loss of an acoustic
Next, the anechoic room was excited by speakerBeatment applied to a panel excited by flow. Sound
placed approximately 10 feet from the transmission losgadiated from a fuselage panel mounted in the test
window (Figure 5b) to simulate uncorrelated noise insection of the Structural Acoustic Flow Apparatus
the aircraft interior. The speakers in the anechoic roonfSAFA) wind tunnel at NASA Langley Research
were driven by broadband noise that was uncorrelate@enter was studied (Figure 7a). The fuselage panel was
to the simultaneous excitation of the reverberatiora rib stiffened aluminum panel typical of aircraft
room. The intensity radiated from the panel wasconstruction (Figure 7b). The skin was 0.063-inches
measured in the presence of the uncorrelated excitatighick and each of the six 10-inches by 20-inches bays
of the anechoic room. The intensity, computed usingvere separated by aluminum stiffeners. The panel was
equation (1), was sampled at 272 discrete locations gore-strained to simulate the effects of pressurization
the measurement surface. The auto and cross specpi@sent during flight. Sixteen accelerometers were
were computed from 1000 averages taken at a samplimgounted on four of the six the bays (Figure 7c and 8).
frequency of 12,800 Hz with a frame length of 2048The tunnel was operated at a flow speed of 160 ft/sec,
points. The radiated sound power was computed frowhich resulted in a substantial turbulent boundary layer
the measured intensity. The uncorrelated insertion lossxcitation of the panel causing sound to be radiated
was computed from the ratio of the radiated soundrom each of the bays. Intensity measurements in front
power measured with and without the lead vinylof bays one and two were correlated to the
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accelerometers on these bays to assess the performaiceFigure 10a-c,-e- line. To assess the proposed
of an acoustic treatment applied to the fuselage paneahethods, the insertion loss of the trim panel was
The intensity measurements were made using fouwwomputed from the energy flows of treatment Case 1
intensity probes mounted to a traverse mechanisrand treatment Case 3 using the uncorrelated, correlated
(Figure 7d). The acoustic intensity radiated from baysnd conditioned intensity calculations and was
one and two was sampled at 32 discrete points in frordompared to the baseline insertion loss.  This
of the bays using the four intensity probes. To provideomparison is shown in Figure 10a-c.
acoustic isolation from the surrounding environment,
the acoustic intensity probes were placed in an anechoithere is poor agreement between the baseline insertion
enclosure that was butted up against the test section loks and the insertion loss measured when only bays 1
the wind tunnel (Figure 7d). All six bays radiate intoand 2 are treated and the intensity is found using the
the anechoic enclosure. uncorrelated calculation (Figure 10a). Untreated bays
3, 4, 5 and 6 radiate into the anechoic enclosure and

The insertion loss of trim panels applied to the fuselageorrupt the uncorrelated intensity measurement in front
panel was assessed. The trim panels were 0.020-incl bays one and two resulting in an under-estimate of
thick aluminum panels that were attached to thehe insertion loss. There is significantly better
stiffeners of the fuselage panel. There was a 3-inch aagreement between the baseline insertion loss and the
gap between the fuselage panel and the trim panelssertion loss measurement when only bays 1 and 2 are
The acoustic intensity radiated from bays one and twireated and the intensity is computed using the
for 3 treatment cases were measured correlated intensity calculation (Figure 10b) and the

« Case 1: No treatment applied bays (Figure 9a)  conditioned intensity calculation (Figure 10c). When

« Case 2: Treatment applied all bays (Figure 9b)  the intensity is correlated to reference accelerometers

« Case 3: Only bays 1 and 2 treated (Figure 9c) placed on the panel in the treated area, the intensity
The intensity at each of the 32 measurement points w4gdiated by bays 3, 4, 5 and 6 is rejected, and the
calculated using the uncorrelated intensity methodnsertion loss can be measured.
equation (1), the correlated intensity method equation
(7), and the conditioned intensity method equation (16). Conclusions
In the case of the correlated intensity calculationA method to measure intensity radiated by a sound
accelerometer 9 was used as a reference. In the casesggirce in the presence of uncorrelated sound has been
the conditioned intensity calculation, all of the presented and experimentally verified. Three case
accelerometers on bays 1, 2, 3, and 4 were used atidies were presented illustrating the usefulness of the
references. The intensity correlated to the subset éfethod for studying aircraft interior acoustics. The
accelerometers on bays 1 and 2 was accepted while th@sults obtained in the presence of uncorrelated sound
intensity correlated to the subset of accelerometers offith the correlated and conditioned intensity methods
bays 3 and 4 was rejected using equation (18). Twwere in good agreement with results obtained with
thousand averages were taken at a Samp“ng frequent‘f ditional intensity measurements made in the absence
of 12,800 Hz with a frame length of 1024 points. NooOf uncorrelated sound. The insertion loss of an acoustic
overlap and a boxcar window were used. Thdreatment can be assessed by rejecting noise radiated by
uncorrelated, correlated and conditioned energy flow§ources that are uncorrelated to the fuselage vibration in
were Computed from the intensity. The energy ﬂovvthe treated area. This method will provide a useful tool
through the measurement surface in front of bays on@r the in-situ study and diagnostics of noise control
and two was found by averaging the 32 discretdreatments applied to an aircraft fuselage.
intensity measurements and multiplying by the area of

the measurement surface. The insertion loss of an

acoustic treatment applied to the fuselage panel wabk

found from the ratio of the energy flow through the
measurement surface with and without the treatment in
place.  The turbulent boundary layer excitation
magnitude was assumed to remain constant.

The baseline insertion loss of the trim panel was found
from the ratio of the uncorrelated energy flow of

References
Alfredson, R. J., 1977, “The partial coherence
technique for source identification on a diesel
engine,”Journal of Sound and Vibration, 55(4), pp.
487-494.

2. Wang, M. E., and M. J. Crocker, 1983, “On the

application of coherence techniques for source
identification in a multiple noise source
environment,”Journal of the Acoustical Society of

treatment Case 1 and treatment Case 2. This baseline America, 74(3), pp. 861-872.

provides an accurate estimate of the insertion loss sinée Takata, H., T. Nishi, W. Jiang and J. S. Bolton,
the sound radiated from all 6 bays was reduced by the 1996, “The use of near-field acoustical holography
same magnitude. The baseline insertion loss is shown (NAH) and partial-field decomposition to identify

6

American Institute of Aeronautics and Astronautics



and quantify the sources of exterior noise radiate®. Fahy, F., 19955und Intensity. London: E & F N
from a vehicle,"Journal of the Acoustical Society of Spon.
America, 100(4), pp. 2654-2655. 9. Bendat, J. S., and A. G. Piersol, 198&ndom

4. Kwon, H., J. S. Bolton and J. K. Hammond, 1997, Data: Analysis and Measurement Procedures. New
“A comparison of partial coherence and singular  York: John Wiley & Sons.
value partial field decomposition in the context of 10.Marroquin, M., 2001, “New innovation in sound
near-field acoustical holographyJournal of the intensity: selective intensity’Proceedings of SAE
Acoustical Society of America, 1025), p. 3076. NVH Conference, Traverse City, MI.

5. Kwon, H., and J. S. Bolton, 1998, “Partial field 11.Grosveld, F., 1999, “Calibration of the Structural
decomposition in near-field acoustical holography Acoustic Loads and Transmission (SALT) facility at
by the use of singular value decomposition and NASA Langley Research CenterProceedings of
partial coherence proceduresProceedings of Inter-noise 99, Fort Lauderdale, Florida.

Noise-Con 98, Ypsilanti, Michigan. 12.Klos, J., and S. A. Brown, 2002, “Automated

6. Pilkinton, G. D., W. E. Simmons and W. F. transmission loss measurement in the Structural
Wenneman, 1998, “Source quantification using Acoustic Loads and Transmission facility at NASA
partial coherence in a controlled experiment”, Langley Research CenterProceedings of Inter-
Proceedings of Noise-Con 98, Ypsilanti, Michigan. noise 2002, Detroit, MI.

7. Mathur, G. P., B. N. Tran and M. A. Simpson, 1999,

“MD-90 cabin noise diagnostics ground and flight
tests”,AlAA Conference Paper, #AIAA-99-1834.

Speaker 1
Anechoic
Environmen
1
[ |

EARN

)

Intensity Probe

B
Bl

Figure 1: Speaker setup for the investigation of correlated intensity measurements.

Speaker 2

a) b) c)

a
a

70

2
%
x
x

GO

2

m
o
]
o

o

ES
ES

b3

—©— Spkr 1 at level 1, Spkr 2 off
-A-- Spkr 1 at level 1, Spkr 2 at level 1 -A-- Spkr 1 at level 1, Spkr 2 at level 1
@ Spkr 1 at level 1, Spkr 2 at level 2 @ Spkr 1 at level 1, Spkr 2 at level 2
N N -»- Spkr 1 at level 1, Spkr 2 at level 3 N -»- Spkr 1 at level 1, Spkr 2 at level 3
B.Z 0.250.31504 0506308 1 12516 2 25315 4 B.Z 0.250.31504 0506308 1 12516 2 25315 4 B.Z 0.250.31504 0506308 1 12516 2 25315 4
One-Third Octave Band Center Frequency "kHz" One-Third Octave Band Center Frequency "kHz" One-Third Octave Band Center Frequency "kHz"

A

o>

13

Sound Pressure Level "dB re: 4¢-10 Pa*"
©

>
\b\
=,

,J
3
AN
. 3
N
P
b
i

Correlated Sound Intensity Level "dB re: le-12 Watts/nf"

~ar -
10 —©— Spkr 1 at level 1, Spkr 2 off —©— Spkr 1 at level 1, Spkr 2 off
-A-- Spkr 1 at level 1, Spkr 2 at level 1

@ Spkr 1 at level 1, Spkr 2 at level 2

Uncorrelated Sound Intensity Level "dB re: le-12 Watts/nf"

-»- Spkr 1 at level 1, Spkr 2 at level 3
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Figure 3: Structural acoustic loads and transmission facility.

Figure 4: View of the composite panel from the reverberation room: a) the composite panel mounted in the
transmission loss window and b) the composite panel with lead vinyl attached to the surface. The insertion loss of
the lead vinyl is measured by exciting the reverberation room and measuring the sound power radiated into the

anechoic room.

8
American Institute of Aeronautics and Astronautics



|
| N Bl '\-,.., A ll

o S,
Figure 5: Case study 2 experimental setup: a) excitation of the reverberation room by four speaker (only three are
pictured) which simulates excitation of the aircraft exterior, b) speakers used to excite the anechoic room which

simulates uncorrelated noise in the aircraft interior, ¢) setup used to scan the intensity radiated from the panel and d)

accelerometers are mounted to the panel and used as a reference signal for the correlation method.
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Figure 6: Insertion loss of the lead vinyl.
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Figure 7: Case study 3 experimental setup: a) wind tunnel test section with the fuselage panel mounted, b) close up
of the fuselage panel showing the six bays, ¢) accelerometers mounted to one of the bays as indicated by the arrows
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and d) intensity probes in the anechoic box.

Flow Direction

Bay 1 Bay 3 Bay 5
@ ccell @ ccel2

O @ O @ O ]

Accel 3 Accel 4 Accel 5 Accel 6 Accel 7 Accel 8

Bay 2 Bay 4 Bay 6
@ Accel9 @ Accel 10

o L] @ @ @ o

Accel 11 Accel 12 Accel 13| Accel 14 Accel 15 Accel 16

Figure 8: Schematic of the bays.
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Figure 9: Trim panel configurations studied: a) all bays untreated, b) all bays treated, and d) bays 1 and 2 treated.
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Figure 10: Comparison of insertion loss estimates: a) baseline insertion loss compared to uncorrelated insertion loss,
b) baseline insertion loss compared to correlated insertion loss, and c¢) baseline insertion loss compared to
conditioned insertion loss.
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